Monomers of the acrylic series are widely used in practice for different purposes, primarily for the production of polymeric materials of different designation [1] [2] [3] [4] [5] [6] , and therefore the study of the structure of these monomers is, above all, of practical importance.
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The aim of the present work was to study the structure of acrylic-series monomers of the type (1) where the α-substituents X were H (MA), -CH 3 (MMA), -CH 2 CH 3 (MEA), -CH 2 CH 2 CH 3 (MPA), -CH(CH 3 ) 2 (MiPA), -C 6 H 5 (MPA), C 6 H 11 (MCHA), F (MFA), Cl (MClA), Br (MBrA), and -C≡N (MCA).
A feature of the indicated molecules (1) is the presence in them not only of substituent X but also of an ester group -C(O)OCH 3 π-π conjugated with an H 2 C=CX-double bond. The radicals -X and -C(O)OCH 3 have an induction effect on the electronic state of the C2 atom, while the C1=C2 π-bond can take part in conjugation with the π-electronic systems of these substituents. The electronegativity of group X depends on its chemical nature and the selected electronegativity scale. For example, the electronegativity of the -C(O)OCH 3 group according to the Pauling scale is 2.6. Depending on how both substituents affect the electronic state of C1 and C2, the reactivity of the H 2 C=C-group in different reactions, including the (co)polymerisation reaction, will also be dependent.
EXPERIMENTAL
Monomers whose structures are described by formula (1) were investigated by methods of 1 H and 13 C NMR and quantum chemistry. For the NMR study, use was made of monomers of commercial grade or laboratory specimens, and also literature data (among other things, for comparison) [7] . 1 H NMR spectra were taken in the absence of a solvent at T = 296-300 K on a Bruker WP-80 instrument (at a frequency of 80 MHz), 13 C NMR spectra on a Bruker MSL-300 instrument (at a frequency of 75 MHz), and the internal standard was TMS [8, 9] . Quantum-chemical calculations were carried out by the MNDO/PM3 method, which is a semi-empirical method, using a GAMESS program with an accuracy of 10 -5 [8] [9] [10] . From an analysis of the given values of q and δ it follows that change in electronegativity and in the size of X has least effect on q and δ of atoms C3, O1, and O2 and of group (O)CH 3 , while atoms HA and HB are more dependent on X. Atoms of halogens and CN groups have the strongest effect on values of the charges localised on HA and HB atoms, leading to their increase. The values of δ for HA and HB in the case of Cl, Br, and CN are shifted downfi eld, which correlates with the change in q. In the case of F, spin-spin interaction of F with HA and HB occurs, and this complicates the situation (the appearance of a triplet for HA and a quartet for HB, a reduction in δ, etc.). The charge q on atoms O1 and O2 in the case of halogens and CN becomes more positive.
RESULTS AND DISCUSSION
Molecules of the acrylic series, defi ned by formula (1), differ in the substituents X. Let us examine the change in parameters q and d for these substituents:
MA: H 0.117/6.14. The infl uence of the chemical nature and the size of X on the parameters q and d for atoms C1 and C2 are given in Table 1 . As is known, the order of electronegativity for the X groups has the following form: F(4.0)>O(3.5)>Cl(3.16)~N(3.0)>Br(2.96)>COOCH 3 ( 2.6)>C(2.5)~C 6 H 5 , alkyl, C 6 H 11 (2.5)>H(2.1)
In the case of C1 we have the following order ( Substituent X affects the electronic state of C1 by the conjugation effect, and here both substituents -X and the -C(O)OCH 3 group -are working, and their overall effect determines the order of qC1 with increase in q to the left (from F) and to the right (towards H and CN), i.e. in this direction there is a reduction in the electron density on C1.
For C2 we obtain the following order ( Substituent X, like the C(O)OCH 3 group, affects the electronic state of C2 by an induction effect, and their overall action determines the order of qC2 in the direction of increase in q (reduction in electron density) from left (H, Cl) to right (CN, F).
From a comparison of the series of electronegativity and qC2 it can be seen that these sequences, especially for Cl and Br, do not correlate with each other. In the case of Cl and Br, a stronger shift in electron density on these atoms would have been expected. The positive charges q on Cl and Br atoms indicate electron depletion of the Cl and Br atoms, which may be due to the partial participation of unshared electron pairs of halogens in the conjugate system. In the case of halogens and CN, the charge q on atoms O1 and O2 is more positive by comparison with alkyl groups, H, C 6 H 5 , and C 6 H 11 . At all investigated X, the most electrophilic centre in molecule (1) is atom C3, and the most nucleophilic are atoms O1 and O2.
From the viewpoint of intramolecular inhibition of the motion of individual groups in molecule (1) with the overlapping of electron clouds of atoms, this effect begins to arise when X = C 2 H 5 , and, with further increase in the size of substituents X, the effect increases. Particularly strong steric hindrances arise in the case of the -C 6 H 11 group, and here motions of the C 6 H 11 ring are admissible only in a small range of angles in the potential well. Possibly, with increase in the size of X, the infl uence of the component of the fi eld effect (steric effect) on the electronic state of the atoms in molecule (1) appears.
From an examination of the dependence of change in the chemical shift δ for C1, we observe the following order of changes in δ as a function of the nature of X ( Table 1): δ(F)<δ(C 6 H 11 )~δ(C 3 H 7 )~δ(C 3 H 7 )<δ(CH 3 )<δ(Br)<δ(Cl)<δ (C 2 H 5 )<δ(C 6 H 5 )<δ(H)<δ (CN) and for the order of C2:
The greater the electron density on C, the greater is the upfi eld shift d on account of screening of the nucleus by electrons.
Both for C1 and for C2 there is a certain difference in the position of δ(X) in the series by comparison with q(X), with retention of a general trend towards an increase in δ with increase in electronegativity of group X for C2 (induction effect) and a fall in δ (upfi eld shift) with increase in electronegativity of group X for C1 (conjugation effect). When X = CN, δCN drops out of the series of q and δ for C2, possibly on account of the magnetic anisotropic effect for C≡N.
The C=C double bond in molecules (1) is polarised with a more positive charge on C1 (except for X = F), and here, when X = halogen, it is more polarised ( Table 1) . The centre of nucleophilic attack on atoms C1=C2 is C2 (except for MFA, for which it is C1).
For the C1 and C2 series, the following linear relationships are fulfi lled: δ C1 = 136.6 + 119.2q C1 δ C2 = 162.1 + 151q C2 with correlation coeffi cients r C1 = 0.85 (not very satisfactory) and r C2 = 0.94 (roughly satisfactory), and values for C1(F) and C2(CN) drop out of the series. Although the correlation is approximate, it makes it possible to estimate the values of q knowing δ (or vice versa) where it is necessary to obtain primary information on the electronic state of the C1 and C2 atoms for α-substituted acrylates.
The results obtained indicate that the classical order of electronegativity of different substituents is not fulfi lled in the case of molecules (1), possibly for the above reasons.
From a comparison of the ionisation potentials ( Table 1 ) it follows that MPA should possess a higher electron-donor capacity than others of (1) (the higher Values of q and δ for atoms C1 and C2 in molecules (1), ionisation potentials (IPs), dipole moments, D,  enthalpies of formation, H f , , and the ionisation potential, the more diffi cult it is to take an electron), and the smallest electron donor out of (1) is MCA ( Table 1) .
The greatest dipole moment µ is characteristic of MPA, and the lowest µ is characteristic of MFA; the maximum enthalpy of formation ∆H f is characteristic of MFA, and the minimum ∆H f is characteristic of MCA ( Table 1) .
From the values of the Weinberg indices W ( Table 1 ) it follows that the double bond in MCA should be subjected to easier attack by the free radical than in other monomers of type (1) , and in monomers MA, MiPA, and MBrA to more diffi cult attack.
Quantum-chemical calculations show that the dihedral angles between the planes C1C2X-C1C2C3 and XC2C3-C2C3O1 are close to 180° (±2°C), indicating the planarity of molecules of type 1.
Thus, in the present work a description has been given of the change in the electronic state on the C and H atoms in molecules of a-substituted acrylates as a function of the nature of the a-substituent X; mismatch of the q and δ series on atoms C1 and C2 with the expected sequences on the basis of electronegativity values of α-substituent X has been revealed; the planar arrangement of atoms C1, C2, C3, and O1 for these molecules, the most electrophilic and nucleophilic centres in them, the ionisation potentials, the Weinberg indices, and satisfactory correlation between the values of q and δ for atom C2 have been established.
